We present a study on the physical properties of compact star-forming galaxies (cSFGs) with M * 10 10 M ⊙ and 2 z 3 in the COSMOS and GOODS-S fields, to explore whether they are a transitional type of galaxies between extended star-forming galaxies (eSFGs) and compact quiescent galaxies (cQGs) on the evolutionary path. The cSFGs distribute at nearly the same locus on the main sequence as eSFGs and dominate the high mass end. On the restframe U − V vs. V − J and U − B vs. M B diagrams, cSFGs mainly distribute at the middle of eSFGs and cQGs in all colours, but are more inclined to "red sequence" than "green valley" galaxies. We find cSFGs have similar distributions with cQGs on the nonparametric morphology diagrams. About one third of cSFGs show signatures of post mergers, and nearly none of them can be recognized as disks. The general distributions of cSFGs on stellar population and structural parameters are very similar to cQGs, implying the cSFGs are the direct progenitors of cQGs. In the meanwhile, cSFGs show the highest fraction of AGNs compared to eSFGs and cQGs, supporting the expectation that the transformation from eSFG to cSFG by gas-rich dissipative processes will intensify both the star formation and the black hole growth. The results of all the analysis described above suggest that cSFG is likely to be a transitional type of galaxy between eSFG towards cQG at z > 2.
INTRODUCTION
Galaxies in local universe present a bimodal distribution in colours, as introduced by previous literatures: the red sequence which composed by quiescent galaxies (QGs) with older stellar populations and compact structures, and the blue cloud composed by young active star-forming galaxies (SFGs) with extended structures (Kauffmann et al. 2003; Baldry et al. 2004) . And the bimodal distribution in colours of galaxies is confirmed to be existed already at z ∼ 2 − 3 (Faber et al. 2007; Ilbert et al. 2010; Brammer et al. 2011) .
The star formation status correlates a wide range of physical properties of galaxy, in other words, it reflects that galaxies experienced different physical states in evolution. At z ∼ 2, most of QGs are visually compact, round and centrally concentrated, with no extended structure, they generally have larger Sérsic index n and Gini, smaller effective radius r e , moment index M 20 and Asymmetry. While SFGs are reversed, they are visually extended, and have a disk-like or irregular morphologies, sometimes show interaction features such as tidal arms, and they are commonly larger than QGs with similar masses Fang et al. 2012; van der Wel et al. 2012 Wang et al. 2012) . Recent works have ⋆ E-mail: mzy@mail.ustc.edu.cn † E-mail: wen@mail.ustc.edu.cn ‡ E-mail: xkong@ustc.edu.cn
shown that there is an evolutionary connection between these two populations (Buitrago et al. 2013; Fang et al. 2012; Fan et al. 2013; Patel et al. 2013; Toft et al. 2014) , the evolutionary scenario is that through wet merging process at z > 2, the extended SFGs (eSFGs) lose angular momentum and turn all gas into stars, then they left behind a compact relics: the compact QGs (cQGs), or the bulge of quiescent disk galaxies (Naab et al. 2007; Hopkins et al. 2008; Oser et al. 2010; Fang et al. 2012; Fan et al. 2013; ). Quiescent galaxies formed at z > 2 are all compact or ultra-compact, while QGs formed at z < 2 have sizes comparable to those of local counterparts of the same masses (Cassata et al. 2013) . If the evolutionary scenario for QGs described above is real, a co-existing population of galaxies which is considered to be an exhibit of evolutionary connection between extend SFGs (eSFGs) and compact QGs (cQGs) are expected to be observed at z > 2 (Barro et al. 2013) . Recently, people find an interesting population of galaxies at z ∼ 2 − 3 (Cava et al. 2010; Wuyts et al. 2011; Whitaker et al. 2012; Kaviraj et al. 2013) , their structures are very compact, nearly the same as QGs, but their star formation status are still very active, almost as active as normal SFGs (Barro et al. 2013 (Barro et al. , 2014a . This is the population of galaxies which will be particularly analyzed in this paper: the compact star-forming galaxies (cSFGs). We suspect the cSFG is a kind of transitional type of galaxy between extend SFG (eSFG) and compact QG (cQG) at z > 2, and both mergers and disk instabilities are able to shrink galaxies from eSFGs to cSFGs (Barro et al. 2014a) , then when star formation activities are totally quenched, they become cQGs. Barro et al. (2014a) analyzed the star-forming and structural properties of 45 massive cSFGs at 2 < z < 3 in GOODS-S field based on Cosmic Assembly Nearinfrared Deep Extragalactic Legacy Survey (CANDELS) (Grogin et al. 2011; Koekemoer et al. 2011 ) and 3D-HST (Brammer et al. 2012 ) data, to explore whether they are natural progenitors of compact quiescent galaxies at z ∼ 2. They show that galaxies become more compact before they lose their gas and dust, and most of cSFGs are heavily obscured, 47% of them host an X-ray-bright AGN, and 65% of them distribute at red sequence.
If it can be confirmed that cSFGs are truly the direct progenitors of cQGs at z > 2, we propose these evolutionary tracks of nearby QGs as follows: at z > 2, cSFGs rapidly quenched into cQGs which become the compact core parts of local QGs later, then they enlarge their outer sizes through non-dissipative dry mergers to become normal QGs in local universe. Dry merger can not effectively form stars, but can significantly enlarge the size of galaxy (Trujillo et al. 2007; Buitrago et al. 2008; Fan et al. 2013) . Another possible formation path is that eSFGs directly form extend QGs (eQGs) at z < 2 by AGN or supernova feed back, they have not experienced a compact status (Barro et al. 2013) .
In this paper, we make a statistical analysis on the physical properties of cSFGs selected from COSMOS field and the 45 cSFGs in GOODS-S (Barro et al. 2014a ) based on the new released 3D-HST (Skelton et al. 2014 ) high-quality multi-wavelength photometric data and CANDELS (Grogin et al. 2011; Koekemoer et al. 2011 ) imaging data. We particularly analyse their rest-frame colours, nonparametric and visual morphologies, distributions on stellar population and structural parameters, and AGN fractions of them, and discuss whether they are truly a transitional type of galaxies between eSFGs and cQGs at z > 2 based on the results above.
The paper is organized as follows. We introduce the CAN-DELS and 3D-HST data in Section 2, the selection of our cSFG sample in Section 3. We show the results of the physical properties of cSFGs in Section 4 and conclude our results in Section 5. Throughout this paper, we assume an Ω M = 0.3, Ω Λ = 0.7 and H 0 = 70 km s −1 Mpc −1 cosmology, and all magnitudes and colours are given in AB system unless stated otherwise.
OBSERVATIONS AND DATA
Our study is based on a sample of high-redshift massive galaxies which built from 3D-HST (Skelton et al. 2014) and CANDELS (Grogin et al. 2011; Koekemoer et al. 2011 ) data. The 3D-HST and CANDELS programs have provided WFC3 and ACS spectroscopy and photometry over ∼ 900 arcmin 2 in five fields: AEGIS, COSMOS, GOODS-North, GOODS-South, and the UKIDSS UDS field. All these fields have a wealth of publicly available imaging datasets in addition to the HST data, which makes it possible to construct the spectral energy distributions (SEDs) of objects over a wide wavelength range (Skelton et al. 2014) .
The derived data products are also provided by Skelton et al. (2014) , stellar masses and other stellar population parameters were determined by FAST (Kriek et al. 2009 ) code, photometric redshifts and rest-frame colours were derived using the EAZY (Brammer et al. 2008) code. 3D-HST is a spectroscopic survey with the WFC3 and ACS grisms, we will use the spectroscopic redshifts if the objects have, otherwise we use their derived photometric redshifts. The qualities of the derived photometric redshifts are very good, the normalized median absolute deviations σ NMAD of photometric redshifts versus spectroscopic redshifts for COSMOS are 0.007.
Structural parameters of galaxy such as Sérsic index n, effective radii r e , axis ratio q come from the catalog of van der , these parameters are measured from CANDELS WFC3 Hband images with GALFIT (Peng et al. 2002) . Our morphology analysis was enabled by the HST /WFC3 NIR imaging from the CAN-DELS (Grogin et al. 2011; Koekemoer et al. 2011) . We measure the nonparametric morphologies, such as Gini, M 20 , Asymmetry of galaxies using the program developed by Abraham et al. (2003) . We match our sample with the CANDELS F160W (H-band) image, which corresponds to the rest-frame optical morphologies of galaxies distribute at z ∼ 2 − 3.
The SFRs of galaxies in COSMOS field were matched from UltraVISTA catalog (Muzzin et al. 2013a) , these SFRs are converted from L 2800 and L IR , using the conversion factors SFR UV,uncorr = 3.2 × 10 −9 L 2800 and SFR IR = 0.98 × 10 −10 L IR from Kennicutt (1998) . The total SFR of the galaxy can then be determined via SFR tot =SFR UV,uncorr +SFR IR .
SAMPLE SELECTION
We select a sample of cSFGs at 2 z 3, using the criteria defined by Barro et al. (2014a) . The criteria are conclude as follows:
2 z 3,
Equation (1) defines the compactness of a galaxy using a threshold in pseudo-stellar mass surface density Σ 1.5 , log(M * /r 1.5 e ). Equation (2) defines the star formation activity level of a galaxy by limit its specific SFR (sSFR). Equation (3) and (4) imply we focus on the massive cSFGs at high-redshifts, for the purpose of comparing our sample to previous works, these redshift and mass criteria are consistent to Barro et al. (2014a) . We only select object with the flag use phot=1, which means the object (1) not a star, or too faint to be recognized as a star or a galaxy. (2) not close to a bright star. (3) well-exposed in the F125W and F160W. (4) S/N>3 in F160W images. (5) "non-catastrophic" photometric redshift and stellar population fits (Skelton et al. 2014) . Figure 1 shows the motivation of these selection criteria: the masssize relation for galaxies more massive than 10 10 M ⊙ at 2 z 3. The subpopulations of compact QGs and SFGs, extend QGs and SFGs are plotted in red, green, orange, blue, respectively. Totally, we identify 59 cSFGs in COSMOS field (see Table 1 ). It is easy to find that the compactness-selected cSFGs follow a similar masssize relation with compact quiescent galaxies, which follow a tight mass-size relation with a slope ∼ 1.5 that remain constant with redshifts (Barro et al. 2014b) . We also combined the 45 cSFGs selected from GOODS-S (Barro et al. 2014a ) to our sample for the quantitative analysis on each physical parameters.
RESULTS
In this section, we present the statistical results of some aspects of physical properties for eSFGs, cSFGs and cQGs, to show cSFGs situate at an intermediate phase between eSFGs and cQGs in the evolutionary path.
The main sequence
We discuss the star-forming status of cSFGs starting from the main sequence, which represents the relation between stellar masses and SFRs of galaxies Elbaz et al. 2007; Barro et al. 2013) . In Figure 2 , we show the main sequence for eSFGs (blue), cSFGs (green) and cQGs (red) in COSMOS field at 2 z < 2.5 in the left panel and 2.5 z 3 in the right panel, and we also plot the cSFGs from GOODS-S (Barro et al. 2014a ) in cyan squares. For comparison, the best-fit lines for z ∼ 2 galaxies from Daddi et al. (2007) and z ∼ 1 galaxies from Elbaz et al. (2007) are also plotted in grey lines. We mark the QG selecting threshold log(sSFR) < −10 (yr −1 ) using red dotted lines. Combined with the cSFGs in COSMOS (green) and GOODS-S (cyan), we fit the main sequence relation of them in dark green solid lines, and the 1σ dispersion of these fits are shown by dark green dashed lines, we give the fit y = −7.13 + 0.83x, σ = 0.47 for 63 cSFGs distribute at 2 z < 2.5, and give the fit y = −9.84 + 1.09x, σ = 0.50 for 41 cSFGs at 2.5 z 3. Figure 2 clearly shows that cSFGs distribute at nearly the same locus on the main sequence as eSFGs, but cSFGs have slightly lower SFRs than eSFGs, and they dominate the high mass end of the main sequence, which could be possibly explained by that some of them are on the way to quiescent population in the evolutionary path. The cSFGs are more massive than eSFGs, however, they remain the highly active star-forming status into a compact phase. If cSFGs are the descendants of eSFGs, they must have experienced violent interactions in a gas-rich environment, and enough amount of gas should be remained in the cSFGs to contribute to the high level of star formation activity. However, we find no starbursts in our sample, which possibly suggest that the starburst phase is shortlived compared to star formation activity and it occurs anterior to the compact phase.
Colour-colour and colour-magnitude diagram
We explore the star-forming status and the extinction properties of cSFGs from the perspective of the distribution on rest-frame colours. The left panel of Figure 3 shows the distribution on restframe U − V vs. V − J (UV J) diagram for eSFGs (blue), cSFGs (green) and cQGs (red) at 2 z 3. And cSFGs from GOODS-S are plotted in cyan squares. The quiescent and star-forming separation lines are consistent with that of Williams et al. (2009) and Skelton et al. (2014) . The UV J diagram has been proved to be a successful method to distinguish the older quiescent and dusty starforming populations for galaxies based on their SEDs. We find that most of cSFGs have redder V − J colours, which means they have larger dust extinctions, and they are more close to the quiescent region than eSFGs. About 20% of cSFGs located in the quiescent region, but they have bluer V − J colours and are more close to the boundary than cQGs, these cSFGs are supposed to be close to become the quenched compact galaxies. The results of the distribution on UV J colours of cSFG are consistent with that on the "main sequence" diagram, which once again support the assumption that cSFG is an intermediate type of galaxy between eSFG and cQG.
The "Green Valley" galaxy is supposed to be intermediate between the red and blue galaxy populations in terms of a series of physical properties, and most of them are compact disks and lack of mergers (Mendez et al. 2011) . The cSFGs are also considered to be intermediate, so we are curious that whether cSFGs are "Green Valley" galaxies and how many overlaps between them. The right panel of Figure 3 shows the distribution on the rest-frame U − B vs. M B diagram for eSFGs (blue), cSFGs (green) and cQGs (red) at 2 z 3. And cSFGs from GOODS-S are also plotted in cyan squares. The dark green solid line and dashed lines represent the "Green Valley" (GV) which is defined as y = −0.019(x + 20.5) + 0.82 (±0.1), using the same method as Mendez et al. (2011) based on our sample. The "red sequence" (RS) and "blue cloud" (BC) regions are also marked in this figure. We find that the percentages of cSFGs distributing in the region of RS, GV and BC are 47.1%, 32.7% and 20.2%, respectively. Most of (79.8%) cSFGs located in RS and GV regions, while nearly all the eSFGs located in BC region and nearly all the cQGs located in RS region. We can also clearly find that the cSFGs distribute between eSFGs and cQGs in rest-frame U − B colour, but they dominate the high luminosity end. The result from the U − B vs. M B diagram also support the idea that cSFG is a transitional type of galaxy between eSFG and cQG, but the distribution on U − B colour of them are extended than "Green Valley" galaxies and are more inclined to "red sequence".
Morphology
Morphologies of galaxies correlate a series of physical properties, and can provide direct information on the formation and evolution history of these objects. Owning to the observed optical light probes the rest-frame UV emission for objects at z ∼ 2, their apparent morphologies can easily be changed by patchy dust extinction. The rest-frame UV emission of galaxies mainly contributed by the hottest stars and can be heavily affected by dust extinction, therefore it is essential to study 2 z 3 galaxies from F160W (H−band) images, which correspond to their rest-frame optical morphologies. The main sequence diagram for eSFGs (blue), cSFGs (green) and cQGs (red) in COSMOS field at 2 z < 2.5 (left panel) and 2.5 z 3 (right panel), cSFGs having Gini < 0.4 are marked by black circles (please see 4.3 for more details). cSFGs from GOODS-S are plotted in cyan squares. For comparison, the best-fit lines from Daddi et al. (2007) and Elbaz et al. (2007) are also plotted in grey. The red dot lines represent the QG threshold log(sSFR) < −10 (yr −1 ). Combined with the cSFGs in COSMOS (green) and GOODS-S (cyan), we fit the main sequence relation of them in dark green solid lines, and the 1σ dispersion of these fits are shown by dark green dashed lines. Skelton et al. (2014) . Right panel: Distribution on rest-frame U − B vs. M B diagram for eSFGs (blue), cSFGs (green) and cQGs (red) at 2 z 3. And cSFGs from GOODS-S field are also plotted in cyan squares. The dark green solid line and dashed lines represent the "Green Valley" (GV) which is defined as y = −0.019(x + 20.5) + 0.82 (±0.1). The "red sequence" (RS) and "blue cloud" (BC) regions are also marked in this figure. cSFGs selected from COSMOS with Gini < 0.4 are marked by black circles.
We investigate the properties of cSFGs from their morphologies. To describe the morphologies of these sources, we have performed nonparametric measures of galaxy morphology, such as Gini coefficient (the relative distribution of the galaxy pixel flux values) (Abraham et al. 2003) , M 20 (the second-order moment of the brightest 20% of the galaxy's flux) (Lotz et al. 2006) and Asymmetry (the 180 • rotational asymmetry index) (Schade et al. 1995) , using the Morpheus-software developed by Abraham et al. (2003) . Figure 4 shows the results of the distribution on nonparametric morphology for eSFGs (blue), cSFGs (green) and cQGs (red) with 2 z 3 and M * > 10 10 M ⊙ . cSFGs from GOODS-S field are also plotted in cyan squares. The cQGs have larger values of Gini, Asymmetry, and smaller M 20 , while eSFGs are reversed. We find the cSFGs distribute at the same locus as the cQGs on both Gini vs. M 20 and Gini vs. Asymmetry panels, but are obviously different from eSFGs. This co-evolution of morphology between . HST /WFC3 F160W images for the 59 compact star-forming galaxies (cSFGs) in our sample selected from COSMOS field. The size of each postage map is 3.6 ′′ × 3.6 ′′ , and 1 ′′ corresponds to ∼ 8.5 kpc at z ∼ 2. The source IDs, Gini and M 20 are labeled for each galaxy in green colour if it has Gini 0.4, otherwise we label them in orange, indicating they are visually extended with Gini < 0.4. The cSFG labeled in red has been studied by spectroscopic measurements in Barro et al. (2014b) . Sources having X-ray detections (L 0.5−10keV > 10 41 erg s −1 ) are marked with an "X" in the bottom-left corner.
cSFG and cQG indicates that the cSFGs are the natural progenitors of cQGs. And from cSFG to cQG, the undisturbed quenching process such as gas-consuming, AGN or supernova feed back are the dominant mechanism to calm down the star formation activity in a compact phase.
We present HST /WFC3 F160W images for cSFGs in Figure  5 . The size of each postage map is 3.6 ′′ × 3.6 ′′ , and 1 ′′ corresponds to ∼ 8.5 kpc at z ∼ 2. The source IDs, Gini and M 20 are also labeled in each panel. The appearant morphology of cSFG in COS-MOS field has really amazed us, we find about two thirds of cSFGs have spheroid morphologies (e.g., ID= 9, 22, 28) the same as that of cQGs, and one third of them obviously show signatures of violent interactions or post mergers (e.g., ID= 16, 34, 36, 37) . A small proportion of cSFGs are not visually "compact" and have Gini < 0.4, the ID numbers of them are 18, 31, 34, 36, 48, 53, 56 and 59, as labeled in orange colour in Figure 5 . We have no reason to refuse these visually "extended" sources from our cSFG sample, because the compactness criterion of cSFG is based on the r e and M * , and the measurements of them for these 8 cSFGs are solid and reliable. This is not contradictory, actually some visually extended galaxies do have small effective radii but with small Gini, because the part outside the effective radius also contributes much to the measurement of Gini.
We also find nearly none of them can be recognized as disks. The scarcity of disks and the large number of post-merger morphologies existing in cSFG sample implies that most of the progenitors of cSFGs have experienced violent gas-rich interactions such as dissipative wet mergers, which is considered to be the dominant mechanism for size shrink which makes masses distribute at a smaller radius and finally turns the eSFGs into cSFGs. While the disk instabilities can also shrink galaxies which has been mentioned in Barro et al. (2014a), but is not strongly supported by the results from our sample, because we would see a lot of compact disk morphologies in cSFG sample if the disk instability mechanism is common, and we also can not judge whether some of these spheroids are shrinked by disk instabilities. Larger samples of cSFG are needed to exam whether the disk instabilities is an usual mechanism to shrink galaxies from eSFG to cSFG at z ∼ 2 in the future work.
The co-evolution of cSFG and cQG
In Figure 6 we show the distributions on a series of physical parameters for eSFGs (blue), cSFGs (green) and cQGs (red) within 2 z 3 and M * 10 10 M ⊙ . In this figure, the first three panels on the upper row are the best-fit stellar population parameters: (a) stellar mass M * , (b) extinction A V and (c) stellar population age of galaxy. The last three panels in the following line are the structural parameters: (d) the effective radius r e , (e) the Sérsic index n and (f) the ellipticity 1 − b/a. The median values for eSFGs, cSFGs (COSMOS+GOODS-S) and cQGs are marked in blue, dark green and red square points in each panel, respectively. From these distributions, we find the evolutionary connections existing between eSFGs, cSFGs and cQGs.
The stellar masses of cSFGs and cQGs peaked at ∼ 10 10.5−11.5 M ⊙ , as shown by panel (a), they dominate the high mass end compared to eSFGs. This is a natural result if eSFGs merged into cSFGs, and then they quenched into cQGs. Considering cQGs come from higher redshifts and the global mass assembly of galaxies with the cosmic time, it is understandable that the meidian mass Notes: a 8 cSFGs with Gini < 0.4 and extended visual morphologies. b cSFG with spectroscopic redshift zspec = 2.095 in Barro et al. (2014b) .
of cQGs are less massive than cSFGs in our redshift slice. Extinctions could reflect the intensity of star formation in a galaxy. Within a star-forming galaxy, due to the mass ejection mechanism of massive stars, the gas, dust and metallicity of galaxy are all abundant. Panel (b) shows that cSFGs have heaviest and cQGs have fewest extinctions, and eSFGs are in the middle. From this result we infer the evolutionary scenario that no matter through merger or disk instability the eSFGs evolved into cSFGs, during this period the star formation activity becomes fierce, and the extinctions also increase with it. When cSFGs quenched into cQGs, most of gas has been used up, the extinction of galaxy thus decreased. Panel (c) shows the stellar age of eSFGs, cSFGs and cQGs, and not surprisingly, cSFGs and cQGs have the oldest ages. The median age of eSFGs is 10 8.7 yr, and the median ages of cSFGs and cQGs are 10 8.9 and 10 9.0 yr, respectively. Panel (d), (e) and (f) show the structural parameters for eSFGs, cSFGs and cQGs. The results of these distributions are all understandable if we assume that cSFG is a transitional type of galaxy between eSFG and cQG. Through merger or disk instability, eSFG turns into cSFG, the masses redistribute at a smaller radius, thus from eSFG, cSFG to cQG, the r e becomes smaller and the Sérsic index n becomes larger. The distributions on ellipticity 1 − b/a indicate that the morphology of most of eSFGs have been disturbed by external interactions such as wet mergers, which also does not support the disk instability mechanism is common.
Based on the analysis above, we find the general distributions of cSFGs on different physical parameters are very similar to that of cQGs, as shown by Figure 6 . The existence of the co-evolution between cSFGs and cQGs within 2 z 3 and M * 10 10 M ⊙ confirms the suppose that the cSFGs are the direct progenitors of cQGs, they are short-lived and will rapidly quenched into cQGs (Barro et al. 2014a) . In Table 1 , we list all the main physical parameters previously mentioned for 59 compact SFGs in the COSMOS field. Column 1 is the ID numbers for cSFGs in our sample, columns 2 and 3 are R.A. and declination J2000, column 4 is photometric redshift, only the cSFG 27 has spectroscopic measurements from (Barro et al. 2014b) . Columns 5 and 6: logarithmic SFR and stellar mass, column 7: the extinction A V , column 8: logarithmic stellar age of galaxy. Columns 9, 10 and 11: effective radius r e in kpc, Sérsic index n and axis ratio b/a. Columns 12, 13 and 14: the nonparametric morphology Gini, M 20 and Asymmetry. Columns 15 and 16: rest-frame U − V and V − J colours, columns 17 and 18: restframe U − B colour and B-band absolute magnitude M B .
Fraction of AGNs
We expect the transformation from extended SFGs to compact SFGs will trigger both star formation and black hole growth, thus higher fraction of AGNs should be detected in cSFG sample. There have been several studies of AGN selection using mid-IR colour or other IR properties, the mid-IR photometry has been proven to be a robust and efficient tool to select AGNs as their properties at these wavelengths are typically very different from those of stars and galaxies (Stern et al. 2005; Donley et al. 2008; Park et al. 2010) . In this section, three different AGN selection methods are employed to identify AGNs in our sample.
Firstly, we select AGNs using the criterion defined by Stern et al. (2005) , which were based on the spectroscopic sample of the AGN and Galaxy Evolution Survey. Stern et al. (2005) . Small points represent all galaxies with IRAC measurements in this field, eSFGs, cSFGs and cQGs are shown by blue, green and red squares, respectively. In our sample, 269 eSFGs, 59 cSFGs and 51 cQGs have been detected in all four IRAC channels, among them, 61 eSFGs, 16 cSFGs and 8 cQGs are identified as AGN candidates, the AGN fraction of them are 22.7%, 27.1% and 15.7%, respectively. The fraction of AGN in cSFGs is really higher than that in eSFGs and cQGs, which supports the expectation that during the transformation from extended SFGs to compact SFGs (no matter by merging or disk instability), the inflow of large amount of gas will intensify the activity level of the black hole in galaxy center. The mid-IR colour criterion is reliable for separating AGNs and galaxies at low redshift, when this colour selection technique is applied to deeper samples, observations and templates suggest that a high degree of stellar contamination is unavoidable (Donley et al. 2008) . The redshifts of our sample distribute at 2 z 3 with much deeper IRAC data, we will identify AGNs from our sample with the mid-IR spectral index method next.
The slope of infrared SED of galaxy can be characterized by a power-law behavior of flux density with frequency f ν ∝ ν α . The infrared SED of AGN often follow a negative-sloping power-law, which may caused by either thermal or non-thermal emission originating the central region of galaxy. In contrast, stellar-dominated galaxies generally have positive IRAC power-law emission. For this reason, IRAC power-law selection has been proposed as a secure criteria for separating AGN-dominated candidates and normal galaxies with a small level of galaxy contamination (Park et al. 2010; Donley et al. 2012; Fang et al. 2012) . In this work, the IRAC fluxes covering the 3.6 to 8.0 µm are fitted with a power-law α for each galaxy, and the α value is accepted only if the χ 2 probability fit has P χ 2 > 0.1. Following Donley et al. (2008) and Park et al. (2010) , a limit of α −0.5 is chosen to classify galaxies as AGNs. We find 51 (19.0%) eSFGs, 14 (23.7%) cSFGs and 6 (11.8%) cQGs can be selected as AGNs by this criterion, which also reveals that AGNs are more likely to be found in cSFGs.
We also match our sample with the Chandra X-ray catalog in the COSMOS field (Civano et al. 2012) , and find 2 eSFGs, 11 cSFGs and 3 cQGs have X-ray detections with L 0.5−10keV > 10 41 erg s −1 , as marked by cross symbols in Figure 7 . Owing to only the most luminous AGNs can be detected at z > 2, thus the intrinsic number could be higher. The X-ray detected counterparts are more frequent among cSFGs than that in eSFGs and cQGs, also implying that cSFGs have experienced violent gas-rich interactions before, which could trigger both star formation and black hole growth in an active phase.
CONCLUSIONS
In this work, we have described the construction of a large cSFG sample in the COSMOS-CANDELS field. Combined with the cS-FGs selected from GOODS-S, we analyze the physical properties of cSFGs based on the multi-band photometry from 3D-HST and CANDELS imaging data. Our main conclusions are as follows:
1. The cSFGs distribute at nearly the same locus on the main sequence as eSFGs, but they dominate the high mass end and remain the highly active star formation status into a compact phase. If we assume cSFGs are the descendants of eSFGs, they must have experienced gas-rich dissipative interactions, and enough amount of gas should also be remained into cSFGs to contribute to the high level of star formation activity. We find no starbursts in our sample, indicating the starburst phase is short-lived and occurs anterior to the compact phase.
2. Most of cSFGs have redder rest-frame V −J colours and are more close to the quiescent region on the rest-frame UV J diagram. 20% cSFGs located in the quiescent region, but they are more close to the boundary than cQGs. In the meanwhile, the cSFGs distribute between eSFGs and cQGs in rest-frame U − B colour and most of cSFGs located in "red sequence" and "green valley" regions on the rest-frame U − B vs. M B diagram. The results from rest-frame UV J and rest-frame U − B vs. M B diagrams support the idea that cSFG is a transitional type of galaxy between eSFG and cQG in terms of their stellar population properties.
3. We find the cSFGs distribute at the same locus as the cQGs on both Gini vs. M 20 and Gini vs. Asymmetry diagrams, but are obviously different from eSFGs. This co-evolution of morphology between cSFG and cQG indicates that the cSFGs are likely to be the natural progenitors of cQGs. From visual inspection, we find about one third of cSFGs obviously show signatures of violent interactions or post mergers, and nearly none of cSFGs can be recognized as disks, implying the progenitors of cSFGs have experienced violent gas-rich interactions such as dissipative wet mergers, which is considered to be the dominant mechanism for the size shrink of galaxy.
4. The general distributions of cSFGs on different physical parameters (the stellar population parameters: stellar mass M * , extinction A V , stellar population age of galaxy, and the structural parameters: effective radius r e , Sersic index n, ellipticity 1 − b/a) are very similar to that of cQGs. The existence of the co-evolution between cSFGs and cQGs confirms the suppose that the cSFGs are the direct progenitors of cQGs, they are short-lived and will rapidly quenched into quiescent phase. 5. We use 3 different methods (IRAC colour-colour diagram, MIR spectral index and match X-ray counterparts) to count the fraction of AGNs in our sample. We find in each methods, the cSFGs have the highest proportion of AGNs compared to eSFGs and cQGs, which supports the expectation that during the transformation from extended SFGs to compact SFGs (no matter by merging or disk instability), the inflow of large amount of gas will both intensify the star formation and the activity level of the black hole in galaxy center.
Combined with all the results listed above, we suggest that cSFG is likely to be a transitional type of galaxy between eSFG towards cQG in the evolutionary path at z > 2 through gas-rich dissipative processes such as major mergers or disk instabilities. And after that period, the dry minor merger is the dominant mechanism to enlarge the outer part of galaxy, which makes the cQG becomes the bulge or core part of normal quiescent galaxy in the local universe.
